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Introduction:  The distribution of iron on the sur-
face of the asteroid Vesta was investigated using 
Dawn's Gamma Ray and Neutron Detector (GRaND) 
[1,2]. Iron varies predictably with rock type for the 
howardite, eucrite, and diogenite (HED) meteorites, 
thought to be representative of Vesta. The abundance 
of Fe in howardites ranges from about 12 to 15 wt.%. 
Basaltic eucrites have the highest abundance, whereas, 
lower crustal and upper mantle materials (cumulate 
eucrites and diogenites) have the lowest, and howard-
ites are intermediate [3].  
We have completed a mapping study of 7.6 MeV 
gamma rays produced by neutron capture by Fe as 
measured by the bismuth germanate (BGO) detector of 
GRaND [1]. The procedures to determine Fe counting 
rates are presented in detail here, along with a prelimi-
nary distribution map, constituting the necessary initial 
step to quantification of Fe abundances. 
We find that the global distribution of Fe counting 
rates is generally consistent with independent mineral-
ogical and compositional inferences obtained by other 
instruments on Dawn such as measurements of pyrox-
ene absorption bands by the Visual and Infrared Spec-
trometer (VIR) [4] and Framing Camera (FC) [5] and 
neutron absorption measurements by GRaND [6]. 
Observations:  The BGO detector measures gam-
ma rays emitted from the surface with energies from 
0.3 MeV to 9 MeV. Energies of characteristic gamma 
rays are unique to the source nuclide from which the 
gamma rays are emitted, and their intensities are pro-
portional to the abundance of the source nuclide after 
appropriate corrections [7]. In this work, the neutron-
capture gamma rays from 56Fe at 7.6 MeV, which ap-
pear as a distinct peak in the BGO pulse height spec-
trum, were used to study the surface distribution of Fe 
on Vesta. The observation was sensitive to depths of a 
few tens of cm. 
The gamma-ray data for mapping were acquired 
during the low altitude mapping orbit (LAMO), which 
took place from December 2011 to May 2012. The 
average altitude was 210 km. To determine the back-
ground contribution, data acquired during the Vesta 
Survey period, which took place at more than 2700 km 
away from Vesta’s surface, were analyzed. Science 
data acquired during both LAMO and Survey are 
available from NASA's Planetary Data System. 
Spectral analysis:  The net counting rate of the Fe 
gamma ray peak was determined for all the time-
ordered records by subtracting background counts 
from the gross counts within the 7.6 MeV peak region 
of interest (ROI). The ROI was determined based on 
peak centroid energies of Fe and surrounding gamma 
ray peaks. The background for the Fe peak was deter-
mined using the higher energy portion of the spectrum 
where no peaks exist and fitted to an exponential curve 
(an example is shown in Fig. 1). After the background 
subtraction, the net counts were corrected for live 
times, the solid angle subtended by Vesta at the space-
craft, and intensities of galactic cosmic rays using the 
counting rate for coincidences with three or more sen-
sors of GRaND [1]. The average counting rate was 
~0.074 counts/s. The Survey spectrum in Fig. 1, which 
was scaled for comparison with the LAMO spectrum, 
shows that the 7.6-MeV signature is of vestan origin.  
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Fig. 1. Energy spectra of gamma rays from 6.2 MeV 
to 9.1 MeV obtained by the BGO detector in 
GRaND during LAMO and Survey. The baselines 
for the Fe peak fitted at ROIbase1 and ROIbase2 with 
exponential curves are shown by the dashed lines to 
derive the net counts. 
 
Correction for neutron number density and hy-
drogen content. Since the Fe gamma rays measured by 
GRaND are produced by neutron capture reactions, the 
Fe counting rate is proportional to the abundance of Fe 
and the number density of neutrons in the regolith [8]. 
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Thus, Fe abundance is not strictly proportional to Fe 
counting rate, as was demonstrated by Lunar Prospec-
tor [9]. At Vesta, neutron number density variations 
are caused by major elements as well as by hydrogen 
[3]. Full corrections are still under development 
[1,3,6,10]. Consequently, Fe counting rates as a proxy 
for the variation of the abundance of Fe are presented 
in this abstract. 
Preliminary Results:  The net counting rate of the 
Fe gamma-ray peak was mapped globally, as shown in 
Fig. 2. The map exhibits the highest Fe counting rate in 
the northern hemisphere. The hydrogen-rich regions 
discovered by neutron observations near the equator 
[3] have in general intermediate counting rates. The Fe 
counting rate is lowest in the Rheasilvia basin at the 
south pole region and extends as two lobes across the 
equator; one to the west at ~75° longitude and the oth-
er at ~285° in the east near a basin containing Oppia. 
The two-direction, V-shaped distribution near the 
south pole is more clearly seen in Fig. 3. 
    Even though these Fe maps have not been fully cor-
rected for variations of neutron number density, Fig-
ures 2 and 3 indicate non-uniformity of the elemental 
Fe abundance in the regolith of Vesta that is correlated 
with geographical features. Since Fe has the highest 
macroscopic absorption cross section of neutrons and 
atomic mass among the major elements, such surface 
variability has been also confirmed by high- and low-
energy neutrons [6,10] as well as high energy gamma 
rays [11] that are also measured by GRaND. Indeed, 
the lowest counting rate at the south pole region coin-
cides with the lower counts of fast neutrons and higher 
counts of thermal plus epithermal neutrons, which can 
be interpreted as diogenitic materials from lower crust 
or upper mantle exposed by the Rheasilvia impact. The 
local maxima near the equator are consistent with eu-
critic materials. 
    Fe distribution can be used as an indicator of the 
petrologic evolution on Vesta, and, together with neu-
tron observations, provides independent information to 
supplement or confirm mineralogical and optical ob-
servations. For example, VIR observations pointed to 
the presence of diogenite in the west, consistent with 
our findings for Fe, but did not reveal the eastern lobe 
[4]. With further refinement of GRaND data, a defini-
tive determination of global Fe abundance is expected.  
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Fig. 2. Global distribution of Fe counting rates on 
the surface of Vesta measured by the BGO detector 
of GRaND, with a boxcar smoothing with a radius 
of 30°. Note that this map is not corrected for var-
iations of neutrons at the subsurface and therefore 
considered as preliminary. 
 
 
Fig. 3 Distribution of Fe counting rates in the 
southern hemisphere from -30° to -90° in latitude 
with stereographic projection. The same color 
bar and smoothing technique were used as those 
in Fig. 2. Note that this map is not corrected for 
variations of neutrons at the subsurface and 
therefore considered as preliminary. 
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